Study objective-To describe time trends in gastric cancer incidence in Zaragoza and Navarre, and to investigate time period and birth cohort as determinants of such trends. Design-Cases from two registries were grouped into five year intervals and the following were calculated: age specific and sex specific incidence rates, age adjusted incidence rates, cumulative rates, and the male to female ratio. The decline in gastric cancer incidence and mortality is a worldwide phenomenon coinciding with the second half of this century."2 Nevertheless, it is still one of the most frequent cancers in the world and occurs twice as frequently in men than in women.3
Patients-These comprised incident cases of gastric cancer reported to the Zaragoza Cancer Registry in 1963-87 and to the Navarre Cancer Registry in 1973-87. Main results-Navarre registered higher adjusted and cumulative rates than Zaragoza for both sexes. In both provinces, there were relative declines in the rates for men and women of3% and 4% respectively per year. In Zaragoza, the risk of developing stomach cancer fell in generations born between 1888 and 1933, and rose in subsequent birth cohorts in both sexes, while in Navarre the cohort effect showed an approximately linear decrease in risk for both sexes. Both provinces recorded increases in risk associated with cohorts born between 1933 The decline in gastric cancer incidence and mortality is a worldwide phenomenon coinciding with the second half of this century."2 Nevertheless, it is still one of the most frequent cancers in the world and occurs twice as frequently in men than in women. 3 Gastric cancer exhibits noticeable international differences. European population based registries with the highest and lowest gastric cancer incidence rates for both sexes are St Petersburg, Russia (52.8 cases per 100 000 person-years for men and 25.3 for women) and Tam, France (8.3 for men and 3.4 for women), respectively. 4 In Spain, gastric cancer not only registers high levels of incidence and mortality (above the European Community average4 5) but in 1985 was the second leading cause of cancer deaths in men and the third in women. 6 As yet, no complete explanation has been forthcoming as to the important geographical differences that exist between and within countries or the factors associated with the development of this tumour.
Study of the effects of age, time period, and birth cohort may be helpful in gaining further insight into the causes of stomach cancer. This type ofanalysis has been carried out on the basis of incidence and mortality data in different countries. The existence of follow up data for a minimum period of 15 years at the Zaragoza and Navarre Cancer Registries has made it possible for such a study to be undertaken in Spain. Our study aimed to describe the time trends for gastric cancer incidence in Zaragoza and Navarre and to investigate time period and birth cohort as determinants of such trends.
Methods

CANCER REGISTRIES
The longest established cancer registries in Spain are those of Zaragoza (1960) Age specific and sex specific incidence rates were calculated by grouping cases into five year intervals in both registries. Incidence rates were age adjusted by the direct method to the European and world standard populations, and, as an alternative to standardisation, cumulative rates for 0-74 years were also calculated. Relative risk was computed for male versus female patients.
To investigate the risk associated with specific generations, the number of cases in each group and period was assumed to constitute a variable with a Poisson distribution, and log linear models including age, period of diagnosis, and birth cohort were then fitted to the rates for each registry in both sexes. We originally studied the Zaragoza and Navarre registries jointly, using age-period-cohortregistry models including all possible interaction terms. However, in view of the existence of interactions between the registry term and the other variables, it was decided that a separate analysis would be presented for each registry.
Analysis was restricted to the population aged under 85 years, and the youngest group included in the model was the first group over the age of 14 years found to have at least five cases of gastric cancer in each quinquennium.
We first tested whether any age specific rates exhibited a degree of variability greater than that permitted by a Poisson distribution (over dispersion of rates). In such cases, the variance estimators from the Poisson model could lead to some factors proving statistically significant without really being so. Hence, where this proved to be the case, we proceeded to use a corrected model (gamma-Poisson model) which took over dispersion into account. 9 The fact that a model which simultaneously considers age, period, and cohort has no single specific solution (non-identifiability problem), means that additional constraints have to be imposed.0 1 112 We opted for one ofthe solutions described in published reports, whereby the overall slope of the period effect is assumed to be zero." '4 The rationale for this approach is that cohort has a stronger association with incidence than period." Furthermore, exposure to risk factors associated with this tumour seems to be determined to a great extent by birth cohort.'618 Cohort and period of diagnosis values were averaged to unity. Table 2 shows the goodness of fit of various Poisson models. The results from the two registries differed. In Zaragoza, the age+ cohort model proved significantly better than age + drift model for men and women alike. Where men alone were concerned, however, the model which best fitted the data was age + period + cohort. In Navarre, age + drift models were found to adequately represent the data for both men and women. Figure 4 shows the cohort and period effects resulting from the age + period + cohort models when the period slope is assumed to be equal 
Results
Discussion
The results show that in both Zaragoza and Navarre the incidence rate of gastric cancer decreased. This decrease was more pronounced in women, leading to a rise in the male to female ratio over the study period. The trend in rates mainly seems to be related to birth cohort, as is borne out by the results from Zaragoza (the registry for which a longer follow up period is available). In Navarre, the rates observed in young women may indicate a levelling off in incidence in the most recent generations, something which remains to be confirmed in years to come.
The importance of studying the cohort effect resides in the fact that cohorts represent the most natural way of aggregating individuals, since the prevalence of aetiological factors linked to environment and/or lifestyle is to a great extent determined by year of birth. The use of age-period-cohort models implies the need to include additional assumptions. In this study the slope ofthe period effect was assumed to be equal to zero. Any improvement in the quality of registry data over time7 would be reflected in the model as an upward period effect. In this respect therefore, the above assumption tends to be conservative, in that the decline in incidence among the generations studied could be equal to or greater than that presented in this paper. This model shows that the risk of developing gastric cancer has declined in Zaragoza and Navarre, a phenomenon which, in overall terms, translates as a decrease in the rates of 3% per year in men and 4% in women. Despite this general trend, however, the downward movement is seen to halt in both sexes among post-1933 cohorts in Zaragoza, in line with mortality observations for this tumour nationwide.19
The substantial decline in gastric cancer in recent decades suggests that, in the main, environmental rather than genetic factors are implicated in its aetiology. 16 Gastric cancer aetiology has been associated with dietary habits during the first years of life'620 and Helicobacter pylori infection.2122 The rise in risk registered in Zaragoza for the most recent study cohorts-namely, those born during the Spanish Civil War and postwar period-may be linked to the dramatic situation prevailing in Spain at the time. Widespread scarcity had a considerable impact on diet and there was probably an increased prevalence of infection with Helicobacterpylori. In this respect and notwithstanding the fact that the downward trend is linear, in Navarre the cohort effect indeed shows specific rises in risk in both sexes among the war and postwar generations.
Trends in the appearance of gastric cancer have been variously described on the basis of histological type23 and subsite.17 While incidence of and mortality from adenocarcinoma of the gastric cardia have increased over recent decades, those for adenocarcinoma of the distal stomach have fallen.232425 Such disparity as well as the different epidemiologic characteristics, suggest that we are confronted with two aetiologically different entities. Incidence patterns in Zaragoza and Navarre could not, however, be analysed by anatomic subsite, since 4th digit coding had not been widely enough applied to data at these cancer registries.
With respect to the period effect, the most noteworthy aspect is the fall observed in the 1978-82 period in Zaragoza. One underlying cause affecting data quality is incomplete case finding. In 1980, case finding, which until then had been passive, underwent a change in Zaragoza. Thenceforth, the role of voluntary reporters became limited to concrete rural areas, while active case searching and arrangements with hospital registries grew in importance. This new approach, though still not fully operational in the years immediately following its introduction, could have given rise to the subregister which seems to be present in the penultimate five year period. The day to day running and methodology of the Navarre Cancer Registry remained basically unchanged throughout the study period.
The incidence found in Navarre was higher than that of Zaragoza. in Navarre.7 Despite these differences, the existence of a real difference in tumour incidence as between these two provinces cannot be ruled out. Geographical differences have been linked to environmental factors more common in rural settings, such as high consumption of sausage meats (meats which tend, moreover, to be preserved using traditional methods). In this respect, it should be stressed that Navarre has a larger rural population (40% of the population live in towns with under 5000 inhabitants, and only 36% live in the provincial capital, Pamplona),4 whereas in the province of Zaragoza, 75% ofthe population live in the capital. 26 Gastric cancer mortality rates for Navarre are likewise higher than those for Zaragoza, and both are higher than elsewhere in Spain. Spanish age adjusted mortality rates (standard European population) for the periods 1972-76 and 1982-86 respectively were 38.81 and 25.03 per 100 000 person-years in men and 21.22 and 12.44 in women. ' In spite of the differences between mortality and incidence data, the decline in gastric cancer incidence in Zaragoza and Navarre parallels the decline in gastric cancer mortality nationwide. '9 The fact that these trends are the same may indicate that, overall, there have been no major changes in survival or case registration.
The Spanish cancer registries reporting the highest gastric cancer rates are those of Navarre, Zaragoza, and the Basque Country.4 The rates for Zaragoza and Navarre are high compared with those for the European Union (EU). Expressed in concrete terms, Navarre's rates rank only behind those quoted for the following registries: Vila Nova de Gaia (Portugal); Florence, Lombardy Region (Varese Province), Parma Province and Romagna (Italy); and the Basque Country (Spain). In women, the Navarre registry rates are solely exceeded by those of the above Portuguese and Italian registries.4 On the other hand, the decline in incidence rates in Spain is similar to that observed for the remaining EU member states.'
This study describes the decline in gastric cancer incidence for both sexes as observed in Zaragoza and Navarre over recent decades. The higher incidence of gastric cancer in Navarre may be due to greater exposure to risk factors for stomach cancer, the better quality of the data on its register, or a combination of the two. Age-period-cohort analyses furnish evidence of increased risk in certain birth cohorts, possibly associated with rises in exposure to 
